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<g) PROCEDE ET D&POS1TIF DE TUBAGE DUN PUITS OU D'UNE CANALISATION. 

(OT |_e tubaoe est realise au moyen (Tune pr^ forme sou- 
pie en foimecle manchon radiaiement expansible eVoudo- 
pitebie, par Qonfiage sous reflet <Tune presskm Interoe, dont 
fe parol comprend une armature fflamentalre (11) ncyee 
dans une reslne Muide (7) durdssatte in situ par pcrfym&l- 
satlon. 

Confom^ment a rirtvention, rejection de la resine dans 
ta parol se fat egalement In situ, apres ml3e en place deta 
prefomw a nnterieur du pute ou de la canalisation (C). 
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La prcsente invention conceme un precede*, ainst qu'un dispositif, de 
tubagc d' tin puits ou d'une canalisation. 

Pour Ic tubagc d'un puits dc forage p^trolier, ou d'une canalisation, 
notanunent pour 1c (ou la) consolider ou rcparer, il a deja 6t£ propose des preTormes 
5 mbulaires souples, cn forme de manchons radialemcnt expansible*, par gonflage sous 
l B effet d'une pression interne, et durrissables in situ ; dc tellcs preTormes sont destinees a 
etrt miscs cn place a 1'cTat radialemcnt repli6 et/ou non expanse* - 6tat dans lequel dies 
possedent un eocombrement radial faible - puis a ttre depliees et/ou expansees radiale- 
ment par application cTune pression intencure. avant d'etre dairies in situ, noCamment par 

10 polymerisation. 

Un systeme dc cc type est decrit par exemple dans Ic document 
WO 94/25635, selon lequel la paroi de la preTorme comprend une armature filamentaire ; 
celte demiere est formee de fibres tressees. par exemple cn carbone ou en verre, le 
tressage autorisant I'cxpansion radiale et, correTativement, la retraction axiale de 
15 I'ensembleaucoursdu gonflage. 

La resinc peut «tre une resine de type connu, durcissant sous reflet de la 
ctedeur ou sous rcflfet d'une reaction chimique, par mise en contact avee un durcisseur. 

Le systeme qui fait 1'otyet du document precite* est constituC d'un outil 
tnterieur gonflable - appe!6 rnatrice -, autour duquel la preTorme est initialement fixee. Get 
20 outil est arrachable. Apres gonflage et durcissement de la preTorme, qui vient garnir la 
paroi inteneure du puits ou de la canalisation, et adherer intimement a celte paroi. T outil 
pcut fctre arracM axialement et reur6 du puits ou de la canalisation. 

Le document FR-B-2 737 533 a pour objet un systeme analogue 
perfection^, dans lequel une scrie de bagues de contention frangiWes pcrmct Ic gonflagc 
25 progressif de la preTorme. d'unc cxttemtte* a Tautre. 

Dans les systemes connus. la resine est incorporee. a P*tat nuide, a 
I' interieur de la paroi de la preTorme des la fabrication de cette demiere. 
H en resulte un certain nombre d'incorrvements. 
En premier lieu, extant observe* que la nature dc la resine depend du puits ou 
30 dc la canalisation a laquelle la preTorme est destinee, chaque preTorme doit, au moment de 
sa fabrication, etre adaptee, non seulcment sur le plan de ses dimensions, mais aussi sur 
le plan dc la nature de la resinc qu' ellc contient, au puits ou a la canalisation en question. 

Ceci pose naturellement un probleme de stockage, de gestion des stocks, 
et done dc deTai d' intervention. 
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En deuxieme lieu, la presence de la resine dans la paroi de la preTorme 
augmente necessairement Ics dimensions transversal es (diametre) de la preTorme 
lorsqu'elie se trouve a T6tat non gonfld ; ceci va a rencontre de la recherche d'une bonne 
compact t^. permettant de faire passer la preTorme au-travers de restrictions de petit 
5 diametre au moment de sa mise en place. 

En troisieme lieu, s'agissant d'une resine thennodurcissable, un stockage 
k temperature ambiante en une longuc penode peut cntralner le demarragc de la reticula- 
tion. Ce* avancement non souhai te* de la reticulation peut modifier le comportment de la 
resine, voire raeme interdire son utilisation. Pour cda tl est necessaire de conserver le 
10 produit dans un conleneur k temperature contrftfee, y compris durant le transport, ce qui 
pose bten entendu des problemes pratiques et de coCt de revient 

La preseate invention se propose de resoudre ces difficulties. 

Pour cela, T idee k la base de cette invention est de dissoder la resine de la 
paroi de la preTorme, au moment de sa fabrication. P incorporation de la resine dans la 
15 paroi se faisant settlement sur le site, apres que la preTorme ait 6x6 introduite et position- 
nee dans le puits ou la canalisation, en utilisant la pression absolue du puits (ou de la 
canalisation) pour faire migrer la resine dans la preTorme et eviter toute formation de bullc 
d'air. 

L'invention s'adresse a une preTorme en forme de manchon souple et 
20 radial ement expansible et/ou depliaMe, du type rappde* plus haut, dont la paroi comprend 
une armature filamentaire. 

Le proc&e* scion r invention consiste k injeder la resine & I'intcneur de la 
paroi, de telle sorte qu'elle vienne nqyer la preTorme, apres mise en place de cette deraiere 
a I' interieur du puits, de preT^rence apres gonfiage et/ou depliement de la preTorme. 
25 Le dlspositif qui fait l'objet de l'invention est remarquable en ce qu'il 

comporte au moins un reservoir contenant une resine fluide durcassabk par polymerisa- 
tion, des moyens eTanl prtvus qui permettent cTinjecter in situ cette resine dans ladite 
paroi pour en impregner Parmature filamentaire. 

Par ail leu rs, scion un certain nombre de caractiristiques addttionnelles, 
30 non limitati ves de l'invention : 

- lesdits moyens d'injecuon de la resine comprennent un piston refouleur ; 

- lesdits moyens d' injection de la resine comprennent une pompe ; 

- le dispositif comporte un outil dilatateur extractive autour duquel est 
fixec la preTorme; 
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- I'armaturc filamcntaire comprend dcs fibres textiles ou metalliqucs, par 
exempte des fibres dc carbone ou de verre ; 

- ladite pompe est adaptdc pour prdever dans le putts ou la canalisation le 
liquide ambiant pour actioriner ledit piston, via un conduit qui est pouivu d'un dapet anti- 



- ladite rfsine est thermodurcissable. 

Dans une variante du disposiuf, oelui-ci possede un reservoir qui comporte 
deux com parti men ts coatenant respectivement une resine durdssable par reaction 
chimique et un durrisseur ou catalyseur auquel rdagit cette rfsine, des raoyens pennettant 
10 ('injection simultanee de ces deux composants dans la parol de la pre* forme. 

Sdon une caracteristique additionnelle de V invention, le reservoir - qu*il 
possede un ou plusieurs com parti men ts - est independant de la preTorme et de son 
system* de gonflage, des moyens de connexion pennettant leur assemblage rautuel avant 
introduction dans le puits ou la canalisation. 
15 Selon une autre caracteristique. tl est prevu au moins une soupape, a 

travers laquelle se fait r injection de la resine, Sa fonction est de rfguler la pression 
differentielle entre rarmature filamentaire et I* int&ieur du puits ou de la canalisation 

Dans le cas ou on a affaire a un outil dilatateur extractible, ledit reservoir 
avantageusement, est fixe a cet outil, de sorte qu'il est egalement retire en mime temps 
20 que ce dernier en find' operation. 

De preference ce reservoir a une forme generate tubulairc, ctil est fixe 
coaxialement a 1' une des extr£mit£s de r outil dilatateur. 

D'autrcs caracteristiques et avantages de 1' invention apparaJlront de la 
description et des dessins annexes qui en rcpresentent a titre d'exemple non Hmitatif, un 
25 mode de realisation pr6fer6. Sur les dessins : 

- la figure 1 est une vue generate schlmatique d'un disposiuf conforme a 

Tinvention ; 

- la figure 2 represente la preformc et son outil dilatateur. la panic 
superieure de la figure Itani representee en coupe axiale et la partie inferieure etant 

30 representee "epluchee" ; 

- la figure 3 est une section transversale correspondent au plan dc coupe 
ni-IIIdelafigure5; 

- la figure 4 est une vue en coupe axiale montrant le disposiuf introduit 
dans une canalisation, en vis-a-vis d'une portion de cette demiere qui possfcde une paroi 

35 deterioree, par exemple perofc, et qu'on souhaite tuber ; 
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- la Figure 5 est unc vuc cn coupe axiale dc la portion d'extrcmit* distale 
- en roccuneoce 1* extremit* basse - du dispositif ; 

- Ics figures 6 k 9 sont des vues similaircs k la figure 4, qui mootrcnt les 
diff*rentes *tapes du processus de tubage ; 

5 - la figure 10 est line vue schematique en coupe axiale sirnilaire a la figure 

5, qui roontre unc variante du dispositif, possedant un reservoir k deux compartments. 

Le dispositif 1 Uiustr6 sur les figures 1 a 5 comprend unc prtforme 1 
solidaired'im outil dilatateur 10. qu'dle entoure. 

On a design* par les references 10a el 10b les portions d'cxtremites 
10 tronconique de PoutiL Cet outil est un manchon tubulaire k membrane souple et *lastique 
contenant un canal central longitudinal 100 dans lequel U est possible d'tntroduire un 
fluide sous pression, sdt depuia la tfitc de puits, soil par pompage du Hquidc present dans 
le puits ou la canalisation. 

La paroi de la preTorme est constitute de deux couches tubulaires 
15 oonoentriques 11, 12. La couchc exteneure 12 est unc peau externe en matenau elasto- 
mers elastique. La couche 1 1 . emprisonnee entre la couche exteneure 12 et I* outil 10 - qui 
consume en quelque sorte la peau interne - est par exemple un tressage de fibres de 
carbone. 

On a design* par la reference 2 Poutil de pose ; cet outil contient les 
20 dtffercnts instruments dJectroniques de contide de r operation eu le cas echeant, la pompe 
de gonflage de Toutil dilatateur. 

Get outil est fix* a la portion d'extrcmit* proximale 10a du dispositif - en 
1* occurrence son extremit* haute si on a affaire k un puits ou une canalisation de direction 
verticale, ou ayant une composante verticale 
25 De maniere bien connuc, Y ensemble du dispositif est suspendu a une tige 

20 ; il sagit d'une tige tubulaire destinee a etre reliee a un apparcillage situ* en tfite de 
puits qui permet d'introduirc et de faire descendre r ensemble dans le puits ou la 
canalisation et de les remonter k Y exception de la preTorme en fin d' operation. La tige 
tubulaire 20 contient les different conducteurs electriques et *ventuellement conduits de 
30 fluide appropries qui permettent la liaison du dispositif avec la tfite de puits. 

L'extrtmit* distale 10b est reliee de maniere amovible k un r*servoir 
tubulaire 3 k Y intencur duquel pent coulisscr axialcment un piston 4. 

Le reservoir 3 se proionge vers le bas par un organe de liaison 6 auquel est 
ftx*e une pompe 5. II s'agit d'une pompe dectrique connect*e par des conducteurs, non 
35 representes. qui peuvent passer k travers le corps de Poutil 10, k Poutil depose! 
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La pompe 5 est adaptle pour prflever a Hntfricur du putts ou de la 
canalisation le liquidc ambiant - par excmple dcTcauou du p&role - pour 1c rcfoulcr dans 
le reservoir 3, en-dessous du piston 4, via un canal longitudinal 60 form* dans Porgane 
6. 

5 Le canal 60 communique avec 1'ext^rieur par un clapet anti-rclour 61 ; 

celui-ci est orient* de manifcit a permettre le passage du fluide present dans le puits ou la 
canalisation vers le canal 60 si la prcssion ext^rieure est sup&ieure a la press on rlgnant 
dans ce canal ; ii ne permet pas, en revanche, l'dchappement du fluide du canal 60 vers 
Fextftieur. 

10 Sur la figure 5 on a d£sign6 par la rfterence 40 des joints d^tancWitf 

annulai res entourant le pistol 4 ; ils autorisent le coulissement axial 6tanche du piston a 
Tint^rieur de la paroi cytindrique 30 du rdseivoir 3. 

Sur cette mftme figure, on notera la presence d*un collier de senage 16. 
qui assure la rctenuc du reservoir 3, ct des dl&nents 6 et 5 dont il est solidaire, & 

15 t'extrtmit* du disposttif 1. 

On a d&ign£ par la r6f6rcnce 3 1 la partie sup6rieure du rfservoir 3. Celle- 
ci possMe une portion d'extr6mi^310 qui est emmanctee a force dans un renfoncement 
de paroi 10c form* a rextn6mit6 basse de Toutil dilatateur 10 ; cette liaison est confortde 
par la presence du collier 16 pr<rit£. 

20 La partie 3 1 bouche heimltiquement Textr6nit6 infcrieure du canal central 

100 de 1'outil. Cette partie 3 1 est perc6e par des canaux longitudinaux 32. En vis-a-vis de 
chacun des canaux 32 - dont l v un seulement est visible sur la figure 5 - la paroi de l'outil 
10 est perde d'un canal stmilaire 14 qui se prolonge par une goige 15 - visible sur la 
figure 3 - bordant axialement la couchc fibreuse annulai re 1 1. 

25 Dans Texemple tilustr* il est pr€vu trois ensembles de canaux 32, 14 et de 

gorges 15, r£gulifcrement rtpartis a 120*. Un nombre different peu naturellement Stre 
prtviL Ces passages peimettent (falimentcr en r6sine la couche 1 1 aparttr du reservoir 3 
et de rfpartir convenaUement la rtsine au sein de la couche 1 1 de manifere a bien en 
impr^gner Farmature filamentaire constitutive de cette couche. 

30 Les canaux 32 sont pourvus d'une soupape antiretour 320 a tarage 

rtglable, qui autorise I'&happement control de la r&ine hors du r&crvoir, ct interdit un 
passage en sens inverse. 

Comme le montre plus paiticulifcrement la figure 1, les parties 2, 1. 3, 6 et 
5 prolongent coaxialement, vers le bas, la tige tubulaiie 20. ced sous une dimension 
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transvenale faible, la plus grande dimension transvcrsale coiTespondant au diametre de la 
paitie 1. 

Cc diametre est bien entendu fonction du diametre du puils ou de la 

canalisation a tuber. 

A titre indicatif, s'il s'agit d'unc canalisation ayant un diametre de 
160 mm. le diametre initial de la partie 1, a l'«at degonn* est par exemple de P ordre de 
60 a 100 mm. 

La longueur de la partie 1 depend de la longueur de la zone k tuber. 
Toujour* a titre indicatif, cette longueur est comprise entre quelques metres 
et quelques dizaines de metres. 

Initialement, Ic dispositif 1 est fabriqu* et livrf deconnectf du rtscrvoir 3. 
La structure 11 n*est done pas impnSgnee de lysine. Hie se trouve a la 

pression atmosphenque. 

Le reservoir contient initialemcnt la dose voulue de resinc 7, a V6tat fluide. 
11 s'agit par exemple d'une resine polymensable a chaud. Le piston 4 se trouve dans sa 
position basse en appui centre 1* element 6 (position de la figure 5). 

II est done possible, en fonction des commandes et des besoins, d'associer 
a un dispositif 1 difTerenls reservoir conlenant des rfsines de nature et/ou de volume 
differents. 

Le reservoir 3 peutfctre conserve a Tabri de lachaleur, dans un conteneur 
approprie* thermiquement isde\ voir reTrig<rf ; en revanche, l f ensemble constitu6 par la 
preTorme et 1'outil dilatateur pent fctre conserve a temperature ambiante. 

La connexion du reservoir 3 (et des elements 6 et 5 dont il est solidaire) a 
l'extremit6 distale du dispositif 1 se fait sur le site, avant mise en place de la preTorme 
dans le puits ou dans la canalisation, ceci apres embottement de la partie 31 dans la partie 
10 et mise en place du collier 16. 

Dans Texemple illustnf . il s'agit de tuber une canalisation cylindrique 
verticale C dont une zone Z est d&enoree (voir figure 4). 

On commence par introduce et fairc descendre, Tensemble dans la 
canalisation C, en correspondance avec la zone Z. 

GeneYaiement, un liquide est present a V inteneur de la canalisation, par 
exemple du peTrde, s'il s'agit d'unc canalisation p&roliere. 

Par suite du difterenliel de pression negative qui ifegne entre la couche 
fibreuse 1 1 et ce liquide, ce dernier peut pen&rer via le clapet antwetour 61 dans le canal 
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60 ct repousscr lc piston 4 vers lc haul, chassant unc ccrtaine quantity dc reside h 
I'intcneur dc la couche 1 1 par Ics canaux 14 ct les gorges 15. 

Cet apport initial de resine, sous reflet de la pression ambtante, est 
g6n£ralement compris entre 0 et 30% du volume de resine 7 initialement contenu dans le 
5 riservoir. 

Ce volume est fonction de la valeur de tarage des soupapes 320 ainsi que 
de la structure de F armature 1 1. 

U oonvient de noter que lors de 1'introduction du dtspositif dans la 
canalisation, et pendant la desccnte, la pression du liquide qui s'y trouve augmente, ce 
10 qui crfe un differentiel de pression croissant entre la structure et le liquide. Ce differentiel 
nfgatif est maintenu via la soupape 320. 

On opere ensuite le gonflage de la preTorme. de maniere connuc, par 
amende d'un fluide sous pression P k rinterieur du canal 100. 

L'outil ou la pnfforme sont avantagcusement munis de bagues frangibles 
15 comme cela est enseign* par le FR-B-2 737 533 prfcit*. Ainsi le gonflage se fait 
progressivement du bas vers le haut de la ptfforme (comparer les figures 6 et 7). 

De preference, des reliefs resultant de rainures annulaircs 120 pr6vues 
^ dans les portions d'extrfmit* de la peau externe 12 assurent un bon ancrage de la 

pr^forme centre la paroi interne de la canalisation C pendant le gonflage. 
20 Bien entendu. par suite de ce gonflage, on observe une retraction de la 

prtforme dans la direction axiale (raccourcissement). 

L' injection de rfsine se fait & la Tin du gonflage. 

Pour cela, on met en marc he !a pompc 5 (via un systeme dc commande 
incorpord dans ia partie 2). Cellc-ci preleve le liquide ambiant pr&ent dans la canalisation 
25 C, et la refoule dans le reservoir 3, sous le piston 4. 

Ce dernier est done repousse vers lc haut (fleche F, figure 7). refoulant h 
son tour la totality de la rfeine 7 dans la couche fibreuse 11. 

Le durcissement de la resine peut alors s'operer, par apport de chaleur. 

Comme expliqu6 dans le WO 94/25655, ce chauffage peut se faire 
30 notamment par ef fet Joule, certains des f ils constituant lc tressage de la couche 1 1 &ant 
des fils chaufTants qui sont alimentes en energie dectrique k partir de Poutil de contrftle 2. 

Une fois termini le durcissement, on degonfle l'outil. et on 1* cxtrait de la 
prtformc durcie, qui reste adherer k la canalisation C f comme cela a 6t£ decrit dans le 
document d£j&cit& 
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Le reservoir dc la figure 10 se distingue essentiellement de celui qui vient 
d'etre decrit par le fait qu'ii comporte deux compartments paralleles 34a, 34b, contenant 
cliacun un piston mobile 4a, respecti vement 4b. 

Le reservoir 34a contient une resine 7a dont le durcissement s'opere par 
5 reaction chimique lorsqu'elle est melangee k un composant reactif (durcisseur ou 
catalyseur) 7b contenu dans ie reservoir 34b. 

Le canal 60 reliant la pompe 5 ail reservoir 3 presence une bif urcation dont 
les blanches 60a, 60b son t associees. respecti vemenU aux pistons 4a. 4b ; les canaux de 
sortie 32a, 32b de chaquc reservoir se rejoi gnent pour former le canal de sortie 32 qui se 
10 raccorde au canal 14 precitd 

On comprend ainst que lorsque les pistons 4a et 4b sont deplaces vers le 
haut sous reflet du liquide provenant du clapet 61 ou de la pompe 5, ils refoulent 
simultanement la resine et le durcisseur, le melange de ces deux composants clant 
distribue* dans la couche 1 1 pour impregner rarmature filamentairc 
IS Le durcissement s'opere done apres injection de ces deux composants. La 

reaction peut fctre activee par un apport de cbaleur fourni par 1'outil de pose, ou par la 
seule temperature du puits. 

En revanche tant que les deux composants sont tsoles dans leur comparti- 
ment respecti f, il n'y a aucun risque de reaction mutuelle et, par consequent, il nese pose 
20 pas de probleme lie* au vieilltssement de la resine, ni au stockage du reservoir. 

On ne sortirait pas du cadre de Finvcntion en piivoyant un dispositif 
equip* d'une pompe apte k servir k la fois au gonflage de la preToime et k Projection de la 
resine. 

Parailleurs, il serait possible de fixer le reservoir k T extremis proximate, 
25 e'est-a-dire en parte supeneure de la preTorme, et non k son extremis distale. 

Enfin, dans le cas d'une resine thermodurcissable, il n'est pas toujours 
necessaire que le dispositif comporte des moyens de chauffage ; dans certains cas e'est la 
temperature du puits elle-meme qui suf fit pour opener la polymerisation. 
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REVENDICATIONS 

1 • Proc&te de tubage d'un puits ou d'une canalisation (C) au raoycn d' unc 
prfforme en forme de manchon souple et radialemcnt expansible et/ou d£pliable, par 
gonflage sous l'effet d'une presston interne (P), et dont la paroi comprend une armature 
filamentairc (1 1) noyle dans une rfsine fluide (7) durdssable in situ par polymerisation, 

5 cirzctinst par le fait qu'on injectc cette rfsine (7) dans ladite paroi 6galement in situ, 
aprfs mise en place de la prfforme a I'int&ieur du puits ou de la canalisation (C). 

2 • Prccfdl scion la rtvendication 1, caracrfris* par le fait qu'on injectc la 
risine aprfcs gonflage et/ou ddpliement de la prfforme. 

3 • Dispositif de tubage d'un puits ou d'une canalisation (C) au moyen 
10 d'une prfforme en forme de manchon souple et jadialement expansible, gonflable sous 

1'eflet d'une pression interne (P), et dont la paroi comprend une armature fllamentaire 
( 1 1), caract£ris6 par le fait qu'il comporte au moins un reservoir (3) contenant une rfsine 
fluide (7) durcissable par polymerisation, des moyens (32 ; 14) 6tant prfvus qui 
permettent d'injecter in situ cette rfsine (7) dans ladite paroi pour en imprfgner V armature 

15 fllamentaire (7). 

4 . Dispositif scion la revendication 3 f caract£ris6 par le fait que lesdits 
moyens d* injection de la rfsine (7) comprennent un piston icfouleur (4). 

5 . Dispositif scion Tune des revendications 3 ou 4, caracrfrisl par le fait 
que lesdits moyens d* injection de la rfsine comprennent une pompc (5). 

20 6 . Dispositif selon Tune des revendications 3 a 5, caracrfris* par le fait 

qu'il comporte un outil dilatateur extractible ( 10) autour duquel estfixdela prfforme. 

7 . Dispositif selon Tune des revendications 3*6, caractfris* par le fait 
que r armature filamentaire ( 1 1) comprend des fibres textiles ou mltalliques. 

8 . Dispositif selon les revendications 4 et 5 prises en combinaison, 
25 caracrfrisl par le fait que ladite pompe (5) est adapt£e pour prflever dans le puits ou la 

canalisation le liquide ambiant et pour actionner ledit piston (4), via un conduit (60) qui 
est pourvu d'un clapet antiretour (61). 

9 . Dispositif selon Tune des revendications 3*8, caracrfrisl par 1c fait 
que ladite rfsine est thermodurcissable. 

30 10. Dispositif selon Tune des revendications 3*8, caracrfrisl par le fait 

que ledit rfservoir (3) comporte deux compartments (34a, 34b) contenant rcspectivement 
une rfsinc (7a) durcissable par rfacdon chimique et un durcisseur ou catalyseur (7b) 
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auquc! reagit cette resine, des moycns (5 ; 4a ; 4b ; 32a, 32b ; 32 ; 14) perraettant 
Pinjcction simultanee dc ccs deux composants dans la paiot de la preTorme. 

1 1 . Dispositif scion Tune des revendications 3 a 8, caractensl par Ic fait 
que le reservoir (3) est independant de la preTorme et de son systeme de gonflage, des 
5 moyens de connexion (31, 10C, 16) permettant leur assemblage mutuel avant introduc- 
tion dans le puits ou la canalisation (Q. 

1 2- Dispositif selon Tune des revendications 3 a 8, caractens* par le fait 
qu'il comporte au moins une soupape (320) a travers laquelle sc fait Piryection de la 
resine, 

\0 13. Dispositif selon les revendications 6 et 1 1 prises en combinaison, 

caiactensl par le fait que ledit reservoir (3) est fixe* audit ouiil dilatateur extractible (10). 

1 4. Dispositif selon la revendication 12, caracteYise* par le fait que ledit 
reservoir (3) a une forme genende tubulaire, et est fixe* coaxialement & Tune des 
extremitesderoutil(lO). 
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54. METHOD AND DEVICE FOR CASING A WELL OR A CONDUIT 



57. The casing is accomplished by means of a 
flexible sleeve-shaped preform that is radially 
expandable and/or unfoldable by inflation under the 
effect of an internal pressure, the wall of which has 
a filament reinforcement (11) embedded in a fluid 
resin (7) that can be cured in situ by 
polymerization. 

According to the invention, the injection of the 
resin in the wall is also done in situ , after 
positioning the preform inside the well or 
conduit (C). 
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The present invention concerns a method and a device for casing a well or a conduit. 

For the casing of an oil well, or a pipe, particularly for strengthening or repairing the oil well or 
conduit, flexible tubular preforms have already been proposed that are sleeve-shaped, are radially 
expandable by inflation under the effect of an internal pressure and are curable in situ : such preforms are 
5 intended to be positioned in the radially folded and/or unexpanded state - state in which they have a small 
radial dimension - then unfolded and/or radially expanded by application of an interior pressure before 
being cured in situ, particularly by polymerization. 

A system of this type is described for example in the document WO 94/25655, according to 
which the wall of the preform has a filament reinforcement; this reinforcing is formed from braided 
10 fibers, of carbon or glass for example, the braiding allowing the radial expansion, and correlatively, the 
axial shortening of the assembly during inflation. 

The resin can be a known type of resin, curing under the effect of heat or a chemical reaction, by 
being placed in contact with a hardener. 

The system that is the subject of the above-mentioned document is composed of an inflatable 
1 5 interior tool - called matrix - around which the preform is initially attached. This tool is extractable. After 
inflation and curing of the preform, the purpose of which is to line and adhere tightly to the interior wall 
of the well or conduit, the tool can be extracted axially and removed from the well or conduit. 

The purpose of document FR-B-2 737 533 is a similar, improved system in which a series of 
breakable restraining rings makes it possible to inflate the preform progressively from one end to the 
20 other. 

In known systems, the resin is incorporated, in fluid state, inside the wall of the preform when the 
preform is manufactured. 

This results in a number of disadvantages. 

In the first place, because the nature of the resin depends on the well or conduit for which the 
25 preform is intended, when each preform is manufactured it must be adapted - not only with respect to its 
dimensions, but also to the nature of the resin it contains - to the well or conduit in question. 

This naturally poses a problem of storage, inventory management, and therefore service response 

time. 
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In the second place, the presence of the resin in the wall of the preform necessarily increases the 
transverse dimensions (diameter) of the preform when it is in its uninflated state. This runs counter to the 
search for good compactness to allow the preform to pass through restrictions of small diameter when it is 
being positioned. 

5 In the third place, because a heat-setting resin is involved, storage at ambient temperature for a 

long period of time can cause cross-linking to begin. This undesirable promotion of cross-linking can 
change the behavior of the resin and can even make it unusable. It is therefore necessary to preserve the 
product in a temperature-controlled container, including during transport, which obviously poses practical 
as well as production cost problems. 
1 0 The present invention proposes to resolve these difficulties. 

To accomplish this, the basic idea of this invention is to dissociate the resin from the wall of the 
preform when the preform is being manufactured, the resin only being incorporated into the wall on site 
after the preform has been inserted and positioned in the well or conduit, by using the absolute pressure of 
the well (or conduit) to cause the resin to migrate in the preform and prevent the formation of air bubbles. 

15 The invention concerns a flexible sleeve-shaped preform that is radially expandable and/or 

unfoldable, of the type considered above, the wall of which has a filament reinforcement. 

The method according to the invention consists of injecting the resin into the interior of 
the wall so that it floods the preform, after said preform has been positioned inside the well, preferably 
after the inflation and/or unfolding of the preform. 
20 The device according to the invention is noteworthy in that it comprises at least one reservoir 

containing a fluid resin curable by polymerization, means being provided that enable this resin to be 
injected in situ into said wall in order to impregnate the filament reinforcement. 

Moreover, according to a number of additional, non-limiting characteristics of the invention: 

- said means of injecting the resin include an extruder piston; 
25 - said means of injecting the resin include a pump; 

- the device has an extractable expansion tool around which the preform is attached; 



3 



2780751 



- the filament reinforcement is composed of textile or metallic fibers, for example carbon or glass 

fibers; 

- said pump is suitable for withdrawing the ambient liquid in the well or conduit in order to 
operate said piston, via a duct fitted with a non-return valve; 

5 - said resin is heat-setting. 

In one variant of the device, it has a reservoir with two compartments containing, respectively, a 
resin that is curable by chemical reaction, and a hardener or catalyst to which this resin reacts, means 
enabling the simultaneous injection of these two components into the wall of the preform. 

According to an additional characteristic of the invention, the reservoir - whether it has one or 
1 0 more compartments - is independent of the preform and its inflation system, connection means making 
possible their mutual assembly prior to insertion into the well or conduit. 

According to another characteristic, it is provided with at least one valve through which the resin 
is injected. Its function is to regulate the differential pressure between the filament reinforcement and the 
interior of the well or conduit. 
15 When an extractable expansion tool is involved, said reservoir is advantageously attached to this 

tool so that it is withdrawn at the same time as the tool at the end of the operation. 

This reservoir preferably has a generally tubular shape and is coaxially attached to one end of the 
expansion tool. 

Other characteristics and advantages of the invention will appear from the description and 
20 attached drawings that represent a preferred embodiment thereof, by way of non-limiting example. In the 
drawings: 

- Figure 1 is a diagrammatic general view of a device according to the invention; 

- Figure 2 represents the preform and its expansion tool, the upper part of the figure being 
represented in axial cross section and the lower part being a "layered" representation; 

25 - Figure 3 is a transverse cross section corresponding to the cross-sectional plane III-III of Figure 

5; 

- Figure 4 is an axial cross-sectional view showing the device inserted into a conduit, opposite a 
portion thereof that has a damaged wall, punctured for example, and is to be cased; 
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- Figure 5 is an axial cross-sectional view of the distal end portion - in this instance the lower 
end- of the device; 

- Figures 6 to 9 are views similar to Figure 4, showing the different stages of the casing process; 

- Figure 10 is a diagrammatic view in axial cross section similar to Figure 5, which shows one 
5 variant of the device having a reservoir with two compartments. 

The device 1 illustrated in Figures 1 to 5 is composed of a preform 1 integral with an expansion 
tool 10, which it surrounds. 

References 10a and 10b designate the truncated end portions of the tool. This tool is a tubular 
sleeve of flexible and elastic membrane containing a central longitudinal channel 100 in which a fluid 
10 under pressure can be introduced, either from the wellhead or by pumping the liquid present in the well or 
conduit. 

The wall of the preform is composed of two concentric tubular layers 11,12. The outer layer 12 is 
an external skin made of elastic elastomer material. The layer 11, enclosed between the outer layer 12 and 
the tool 10 - which constitutes a sort of internal skin - is for example made of braided carbon fibers. 

15 Reference 2 designates the installation tool; this tool contains the various electronic instruments 

for controlling the operation and, when applicable, the inflation pump of the expansion tool. 

This tool is attached to the proximal end portion 10a of the device - in this instance its upper end, 
if the well or conduit is vertical or has a vertical component. 

In a well known manner, the device's assembly is suspended from a shaft 20. This shaft is tubular 
20 and is intended to be connected to equipment located at the wellhead to insert and lower the assembly into 
the well or conduit, and to lift it back out, minus the preform, at the end of the operation. The tubular 
shaft 20 contains the different electrical conductors and possibly appropriate fluid ducts for connecting 
the device to the wellhead. 

The distal end 10b is removably connected to a tubular reservoir 3 inside which a piston 4 can 
25 slide axially. 

The reservoir 3 is extended downward by a connection component 6 to which a pump 5 is 
attached. This is an electric pump connected by wires, not represented, that can pass through the body of 
the tool 10 to the installation tool 2. 
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The pump 5 is suitable for removing the ambient liquid - for example water or oil - from the 
interior of the well or conduit, in order to force it into the reservoir 3, below the piston 4, via a 
longitudinal channel 60 formed in the component 6. 

The channel 60 communicates with the outside by a non-return valve 61. This valve is oriented so 
5 as to allow the passage of the fluid present in the well or conduit toward the channel 60 if the external 
pressure exceeds the pressure present in the channel; by contrast, it does not allow the escape of the fluid 
from the channel 60 to the outside. 

In Figure 5 the reference 40 designates annular seal rings around the piston 4. They permit the 
sealed axial sliding of the piston inside the cylindrical wall 30 of the reservoir 3. 

1 0 In this same figure, the presence will be noted of a clamp 16 that holds the reservoir 3, and the 

parts 6 and 5 with which it is integral, to the end of the device 1 . 

The reference 31 designates the upper part of the reservoir 3. This part has an end portion 310 
that is force-fitted into a wall recess 10c formed at the lower end of the expansion tool 10; this connection 
is reinforced by the above-mentioned clamp 16. 

15 The part 31 hermetically seals the lower end of the central channel 100 of the tool. This part 31 

has longitudinal channels 32 that pass through it. Opposite each of the channels 32 - only one of which is 
visible in Figure 5 - the wall of the tool 10 has a similar channel 14 passing through it, which channel is 
extended by a groove 15 - visible in Figure 3 - axially bordering the annular fibrous layer 1 1 . 

In the example illustrated, three sets of channels 32, 14 and grooves 15, evenly distributed at 
20 120°, are provided. Naturally, a different number can be provided. These passages make it possible to 
supply the layer 1 1 with resin from the reservoir 3 and to distribute the resin properly in the layer 1 1 so as 
to impregnate the filament reinforcement that comprises this layer. 

The channels 32 are provided with an adjustable rate non-return valve 320, which allows the 
controlled escape of the resin from the reservoir, and prevents passage in the opposite direction. 

25 As is shown more particularly in Figure 1, the parts 2, 1, 3, 6 and 5 extend the tubular shaft 20 

coaxially downward, with a smaller transverse dimension, 
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the largest transverse dimension pertaining to the diameter of part 1 . 

This diameter, of course, is a function of the diameter of the well or conduit to be cased. 

By way of example, if a conduit is involved that has a diameter of 160 mm, the initial diameter of 
the part 1, in deflated state, is for example on the order to 60 to 100 mm. 

The length of the part 1 depends on the length of the area to be cased. 

Again by way of example, this length can be between a few meters and several tens of meters. 

Initially the device 1 is manufactured and delivered disconnected from the reservoir 3. 

The structure 1 1 is therefore not impregnated with resin. It is at atmospheric pressure. 

The reservoir initially contains the desired amount of resin 7, in fluid state. For example, this can 
be a heat-setting resin. The piston 4 is in its lowered position resting against the component 6 (position as 
in Figure 5). 

It is therefore possible, depending on the orders and needs, to associate different reservoirs with a 
device 1, these reservoirs containing resins of different type and/or volume. 

The reservoir 3 can be kept away from heat, in an appropriate thermally-insulated container, or 
even refrigerated. In contrast, the assembly composed of the preform and the expansion tool can be kept 
at ambient temperature. 

The connection of the reservoir 3 (and of the components 6 and 5 with which it is integral) at the 
distal end of the device 1 is made on the site, before placing the preform in the well or conduit, after 
fitting the part 3 1 into the part 10 and installing the clamp 16. 

In the example illustrated, a vertical cylindrical conduit C is to be cased, one section Z of which 
is damaged (see Figure 4). 

The assembly is first inserted and lowered into the conduit C until it is aligned with the section Z. 

Generally, a liquid is present inside the conduit, oil for example, if it is an oil conduit. 

As a result of the negative pressure differential between the fibrous layer 1 1 and this liquid, the 
liquid can penetrate through the non-return valve 61 into the channel 



2780751 



60 and push the piston 4 upward, forcing a certain amount of resin inside the layer 1 1 by the channels 14 
and the grooves 15. 

This initial amount of resin, under the effect of the ambient pressure, is generally between 0 and 
30% of the volume of resin 7 initially contained in the reservoir. 
5 This volume depends on the rate at which the valves 320 are set, as well as on the structure of the 

reinforcement 11. 

It should be noted that during the insertion of the device into the conduit, and during its descent, 
the pressure of the liquid contained therein increases, thus creating an increasing pressure differential 
between the structure and the liquid. This negative differential is maintained via the valve 320. 

1 0 The preform is then inflated, in a known way, by feeding a fluid under pressure P into the channel 

100. 

The tool or the preform are advantageously fitted with breakable rings, as indicated in the above- 
mentioned FR-B-2 737 533. Thus, the inflation is done progressively from the bottom to the top of the 
preform (compare Figures 6 and 7). 

15 Preferably, bulges resulting from annular grooves 120 made in the lower portions of the outer 

skin 12 provide a good anchoring of the preform against the inner wall of the conduit C during the 
inflation. 

Of course, following this inflation, there is a retraction of the preform in the axial direction 
(foreshortening). 

20 The injection of resin is done when the inflation is completed. 

To do this, the pump 5 is started (by a control system incorporated in the part 2). This pump 
removes the ambient liquid present in the conduit C and forces it into the reservoir 3, under the piston 4. 

This piston is therefore pushed upward (arrow F, Figure 7), in turn forcing all of the resin 7 into 
the fibrous layer 11. 

25 The curing of the resin can then be done by providing heat. 

As explained in WO 94/25655, this heating can be done in particular by the Joule effect, some of 
the wires comprising the braided layer 1 1 being heating wires that are fed with electrical energy from the 
control tool 2. 

When the curing is completed, the tool is deflated and extracted from the hardened preform, 
30 which remains fast against the conduit C, as described in the above-mentioned document. 
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The reservoir in Figure 10 is distinguished essentially from the one just described, by the fact that 
it has two parallel compartments 34a, 34b, each containing a movable piston 4a, 4b, respectively. 

The reservoir 34a contains a resin 7a, the curing of which is done by chemical reaction when it is 
mixed with a reactive component (hardener or catalyzer) 7b contained in the reservoir 34b. 

5 The channel 60 connecting the pump 5 to the reservoir 3 has a bifurcation, the branches 60a, 60b 

of which are associated with the pistons 4a, 4b, respectively; the outlet channels 32a, 32b of each 
reservoir join to form the outlet channel 32 that connects to the above-mentioned channel 14. 

Thus, when the pistons 4a and 4b are moved upward under the effect of the liquid coming from 
the valve 61 or the pump 5, they simultaneously force the resin and the hardener, the mixture of these two 
10 components being distributed in the layer 1 1 in order to impregnate the filament reinforcement. 

The hardening therefore occurs after injection of these two components. The reaction can be 
activated by supplying heat furnished by the installation tool, or simply by the temperature of the well. 

By contrast, as long as the two components are isolated in their respective compartments, there is 
no risk of mutual reaction and consequently no problem related to the aging of the resin or the storage of 
15 the reservoir. 

It would not be going beyond the scope of the invention to provide a device equipped with a 
pump that could be used both to inflate the preform and to inject the resin. 

Moreover, it would be possible to attach the reservoir to the proximal end, that is, to the upper 
part of the preform, and not to its distal end. 

20 Finally, for a heat-setting resin, it is not always necessary that the device have heating means; in 

some cases the temperature of the well itself is sufficient for polymerization to occur. 
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CLAIMS 

1. Method of casing a well or conduit (C) by means of a flexible sleeve-shaped preform that is 
radially expandable and/or unfoldable, by inflation under the effect of an internal pressure (P), the wall of 
which has a filament reinforcement (11) embedded in a fluid resin (7) that can be cured in situ by 

5 polymerization, characterized by the fact that this resin (7) is also injected in situ, after the preform has 
been positioned inside the well or conduit (C). 

2. Method according to claim 1, characterized by the fact that the resin is injected after inflation 
and/or unfolding of the preform. 

3. Device for casing a well or conduit (C) by means of a flexible sleeve-shaped preform that is 
10 radially expandable, inflatable under the effect of an internal pressure (P), the wall of which has a 

filament reinforcement (11), characterized by the fact that it has at least one reservoir (3) containing a 
fluid resin (7) curable by polymerization, means (32; 14) being provided that enable this resin (7) to be 
injected in situ into said wall in order to impregnate the filament reinforcement (7) [sic: (11)]. 

4. Device according to claim 3, characterized by the fact that said means of injecting the resin (7) 
1 5 include an extruder piston (4). 

5. Device according to either of claims 3 or 4, characterized by the fact that said means of 
injecting the resin include a pump (5). 

6. Device according to any of claims 3 to 5, characterized by the fact that it has an extractable 
expansion tool (10) around which the preform is attached. 

20 7. Device according to any of claims 3 to 6, characterized by the fact that the filament 

reinforcement (1 1) is composed of textile or metallic fibers. 

8, Device according to claims 4 and 5 taken in combination, characterized by the fact that said 
pump (5) is suitable for withdrawing the ambient liquid in the well or conduit and for operating said 
piston (4), via a duct (60) that is fitted with a non-return valve (61). 
25 9. Device according to any of claims 3 to 8, characterized by the fact that said resin is heat- 

setting. 

10. Device according to any of claims 3 to 8, characterized by the fact that said reservoir (3) has 
two compartments (34a, 34b) containing, respectively, a resin (7a) that is curable by chemical reaction 
and a hardener or catalyst (7b) 

30 
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to which this resin reacts, means (5; 4a; 4b; 32a, 32b; 32; 14) enabling the simultaneous injection of these 
two components into the wall of the preform. 

11. Device according to any of claims 3 to 8, characterized by the fact that the reservoir (3) is 
independent of the preform and its inflation system, connection means (31, 10C, 16) making possible 

5 their mutual assembly prior to insertion into the well or conduit (C). 

12. Device according to any of claims 3 to 8, characterized by the fact that it is provided with at 
least one valve (320) through which the resin is injected. 

13. Device according to claims 6 and 1 1 taken in combination, characterized by the fact that said 
reservoir (3) is attached to said extractable expansion tool (10). 

10 14. Device according to claim 12, characterized by the fact that said reservoir (3) has a generally 

tubular shape and is coaxially attached to one end of the expansion tool (10). 
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